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Abstract
Scour of the riverbeds around bridge supports is the most frequent cause of their failures. Maintenance and repair costs of the 
bridges damaged by scour effects are significant, but it is estimated that the social costs are five times higher than the direct repair 
and replacement costs.
The bridge supports are subjected to the scour effects due to the erosive action of the flowing water, involving soil loosening from 
the bottom and the banks of the watercourse. The condition for the proper monitoring of scour is to understand its nature. The
knowledge of the phenomena occurring during the high water flow in the area of the bridge supports is crucial to properly assess 
the current condition and to develop proper maintenance actions.
Scour may be the consequence of:
• narrowing the watercourse – a natural or man-made, including construction of a bridge,
• lateral movement or lowering of the stream bed,
• hydraulic works shortening the length of the meandering section of the watercourse,
• changes occurring in the catchment area of the watercourse,
• other changes in watercourse hydrology.
Construction of a bridge in the certain area disturbs natural stream flow conditions, especially the flood water and may change the 
terms of the normal water flow. The presence of a bridge causes the stream flow cross-section reduction, which increases the speed 
and intensity of erosion of the streambed. River tends to stabilize its bed in order to restore the natural flow section. Bridge supports 
also change the laminar water flow and turbulent flow.
Scour present around a bridge supports can be monitored by the mobile and fixed devices.
Portable scour monitoring devices are mainly: different types of probes such as: sticks, tape or rope with weights and bars used by 
divers and sonar acoustic measuring devices.
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Stationary equipment is used for continuous or regular scour monitoring of the bridge supports of the bridge, for example once 
a day, once a week. They are stationary devices including various types of robotic probes and stationary hydroacoustic 
measurement systems. Stationary device can be installed on a support or near the bridge, usually at the head of the pillar, or in the 
ground near the bottom of the watercourse. It should be installed near the site of the anticipated greatest scour. The device interacts 
with the data logger, which can be read on the site or transmitted to a remote control unit.
The article presents the principles of scour monitoring near the bridge supports, developed during the project "Monitoring system 
for bridge supports and their surrounding areas" co-founded by the Polish National Centre for Research and Development under 
the program Innotech. During the project monitoring system for bridge supports was developed with specialized software for online 
data visualization. The article presents selected measurement results from the sonar measurements.
© 2016The Authors. Published by Elsevier B.V..
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM).
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1. Scanning sonar as the best acoustical method used for periodic scour monitoring – theory
Considering a periodic monitoring of the scour of the bridge piers we have to take into consideration the underwater 
part of the walls of the piers as well as the scour of the bottom around the piers. Due to practically the poor visibility 
in the water the best solution for such monitoring is use the ultrasonic waves. For both purposes of monitoring (walls 
and bottom) an hydroacoustics equipment is a little different. For monitoring of the bridge pier walls the best solution 
is a height resolution 2D mechanically scanning sonar (Fig. 1a),  while for monitoring of the bottom around the bridge 
piers can be used both 2D and 3D height resolution mechanically scanning sonar (Fig. 1a and 1b). 
The main difference between these two sonars is rotating of the transducer head during scanning movement. 
Scanning sonar utilizes the same electronic components which are used in conventional side scan or echo sounder –
with the addition of a stepper motors. With mechanically scanned sonar, an acoustic ping is transmitted and the system 
waits to receive the returns of the echoes. The waiting time is directly proportional to the range. When the 
transmit/receive interval is completed, a motor steps the transducer in parts of a degree to a new azimuth angle, and 
the process is repeated.
Fig. 1 (a) Principle of 2D mechanical scanning; (b) Principle of 3D mechanical scanning.
Obviously there are several other methods for scour monitoring (see Ansari (2010), Dong et al. (2010), Garret 
(2012), Kosnik (2006), Melville (2000), Mueller et al. (1999)), but within the presented project only the sonar 
measurement method was applied.
The beam pattern of the scanning sonar is determined by the size, shape and frequency of the transducer. For 2D 
scanning sonar the beam pattern is usually very narrow in horizontal direction and much wider in vertical direction. 
For 3D scanning sonar the beam should be as narrow as possible.  Resolution of the echograms depends very much 
from the shape of the acoustic beams. The shape of the acoustic beam is created by ultrasonic transducers. Therefore, 
the transducers are the most important part of each sonar. The transducer converts the electric energy into acoustic 
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energy which in result, physically being a mechanical wave, is propagated to the water. And a vice versa, the received 
acoustic wave is converted by transducer into electrical voltage. The name of this  phenomenon is called the 
piezoelectricity. 
In the hydroacoustics there are a few very important physical dependences, which should be taken into 
consideration when somebody is planning to choose a right equipment. The range of the sonar depends vary much 
from frequency: Higher frequency – stronger attenuation in the water and in result a smaller distance. Lower frequency 
– weaker attenuation in the water and in result a longer distance. 
The resolution of the image on the echograms depends from the length of the acoustic pings: Shorter acoustic pings 
– better resolution and better details view; Longer acoustic pings – less resolution and not very expressive details 
view.
The directivity of the bean pattern depends very much from the environmental temperature. Due to this in the high 
resolution sonars the transducers operate directly in the water without any domes. This is because the domes could 
cause that the temperature inside a dome could be different from the external temperature. In such situation the image 
on the echogram would be not enough sharp. The scanning sonar works best when the head is completely stationary 
during the scanning process. The significant advantages of the scanning sonar are that – depending upon its 
deployment geometry – it is able to collect bottom images, scan and visualize vertical structures, and provide detailed 
profiles. 
Conventional bottom visualization surveys using scanning sonar are typically completed by tripod mounting the 
sonar head and lowering all to the riverbed.
2. Underwater sonar surveys carried out as a preliminary research used for determining sizes of scour before
long-term monitoring
Bridge’ pillars located in the watercourse always subjected by erosive effects of water streams, especially strong 
water streams occurring during high water level periods and floods. During MOPMO project which started in 2013 
and was co-financed by Polish National Centre for Research and Development under the program Innotech, one of 
task contained sonar survey around selected pillars of one of polish bridges in order to practically locate scour area.
During hydrographic works 3 types of 2D sonar images were gathered by means of scanning sonar working on 
frequency 900kHz. Images were very useful to locate scour areas. All 3 types of images, combined together have 
provided full view about hydrographic situation near the investigated pillar. Below is an example showing results of 
survey around the pillar of bridge in Góra Kalwaria on the Vistula River in Poland (Fig. 2). 
Bottom image (Fig. 3) shows overall character of bottom – mostly ripples of sand are visible on the riverbed. Scour 
areas are easily indicated by darker part located near the pillar. This is typical situation of scour forming near inflow 
part of water construction.
Profile images (Fig. 4) made in specific point around the pillar show clearly wall and bottom line and very precisely 
determine deepness of scour and also range distance from the pillar. There is also an undefined object detected near 
the construction foundation in the image below (probably a tree). 
Wall surface images (Fig. 5) show general condition of the pillar and also all objects on the bottom that laid 
directly near the foundation. Scour are superbly pictured on the background of surveyed construction.
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Fig. 2. Sonar images of the bottom of the riverbed around bridge support.
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Fig.3. Bottom image of the riverbed
Fig. 4. Profile image.
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Fig. 5. Wall surface image.
3. Long-term monitoring system – principles of operation and measurement results
Fig. 6. Location of two long-term monitoring systems.
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Based on sonar survey results, monitoring sectors were designed as shown in above picture by white and green 
semicircles (Fig. 6). Long-term monitoring system was installed and used for recording profiles at sectors that cover 
before determined scour area.
The main focus during the project was to design the system that is able to record long-term data. For the purpose 
of task stationary system equipped with 3D sonar was used for recording sonar profiles in certain period of time. Sonar 
echograms was digitized by the computer software and displayed on the screen. Simple interpretation was done based 
on the color diagram. It is visible that riverbed had changed its deepness during around 1,5 month – see Fig. 7. The 
highest change was observed at east sector – located closer to the main stream of the river (record from 6°) – see Fig. 
7 and 8. Even though deepness of scour had been changed not so much, because around 0,5 m during time of 
observations, this observations confirms that system is able to monitor long-term changes. During these tests, 
hydrological observations were also recorded simultaneously by the hydrologist and added to the final report. There 
was no high water level during time of observation and normal streamflow. Although the System was not tested during 
the flood time, it showed big measurement potential and will be applied on the selected sites to monitor scour around 
selected test sites in Poland.
Fig. 7. Long term monitoring results at 6°.
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Fig. 8. Location of the highest scour change at 6°.
4. Conclusions 
Scour of the riverbeds around bridge supports is the most frequent cause of their failures. Maintenance and repair 
costs of the bridges damaged by scour effects are significant, but it is estimated that the social costs are five times 
higher than the direct repair and replacement costs. The bridge supports are subjected to the scour effects due to the 
erosive action of the flowing water, involving soil loosening from the bottom and the banks of the watercourse. The 
condition for the proper monitoring of scour is to understand its nature. The knowledge of the phenomena occurring 
during the high water flow in the area of the bridge supports is crucial to properly assess the current condition and to 
develop proper maintenance actions. Scour may be the consequence of:
x narrowing the watercourse – a natural or man-made, including construction of a bridge,
x lateral movement or lowering of the stream bed,
x hydraulic works shortening the length of the meandering section of the watercourse,
x changes occurring in the catchment area of the watercourse and other changes in watercourse hydrology.
The article presents the principles of scour monitoring near the bridge supports, developed during the project 
"Monitoring system for bridge supports and their surrounding areas" co-founded by the Polish National Centre for 
Research and Development under the program Innotech. During the project monitoring system for bridge supports 
was developed with specialized software for online data visualization. 
The main focus during the project was to design the system that is able to record long-term data. For the purpose 
of task stationary system equipped with 3D sonar was used for recording sonar profiles in certain period of time. 
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During these tests, hydrological observations were also recorded simultaneously by the hydrologist and added to the 
final report. There was no high water level during time of observation and normal streamflow. Although the System 
was not tested during the flood time, it showed big measurement potential and will be applied on the selected sites to 
monitor scour around selected test sites in Poland.
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